Abstract Leaf explants of the Solanum hainanense plant, grown in vitro, were cultured in basal Murashige and Skoog (MS) media supplemented with 0.5 mg/L kinetin and 1 mg/L 2,4-dichlorophenoxyacetic acid (2,4-D) for callus initiation. For maintenance and proliferation, the callus was cultured on MS medium supplemented with 1 mg/L 6-benzylaminopurine (BAP) and 0.5 mg/L 2,4-D. The glycoalkaloid content in the callus was at its maximum after ten weeks of culture (188.65 mg/g), whereas that of the one-year-old control was 22.22 mg/g in the root and 5.99 mg/g in the stem. The glycoalkaloid extracted from the callus inhibited the activity of collagenase on collagen gel. High performance liquid chromatography (HPLC) analysis showed that biotransformation occurred when a callus was grown on medium supplemented with various carbon sources. These results suggest that callus of S. hainanense is a good material for production of glycoalkaloid.
Introduction
Glycoalkaloids have been found to inactivate the Herpes simplex, Herpes zoster, and Herpes genitalis viruses in humans (Chating et al. 1997) , to protect mice against infection by Salmonella typhimurium (Gubarev et al. 1998) , to enhance the duration of action of anesthetics which act by inhibiting acetylcholinesterase (McGehee et al. 2000) , to lower cholesterol (Friedman et al. 2000a,b) , and to serve as a malaria vaccine (Heal et al. 2001) . Solanum hainanense Hance plants accumulate glycoalkaloid primarily in their roots (Hop and Phuong 2003) . Glycoalkaloids are secondary plant metabolites and are also known as phytoalexins (Stanker et al. 1996) . Although they are reported to be potentially toxic, glycoalkaloids and their hydrolysis product without the carbohydrate side chain also have beeneficial effects. However, this plant has never been cultivated, and its various properties, including seasonal variation in growth and production of glycoalkaloid, are not yet known. Results of earlier experiments revealed that total glycoalkaloid content per dry weight was less than 0.2% in the roots when this plant was grown in natural conditions. Several papers have described the production of solasodine, a type of glycoalkaloid, in tissue cultures of Solanum laciniatum (Macek 1989) and Solanum nigrum (Yogananth et al. 2009 ). However, glycoalkaloid production in cultured tissue of Solanum species has not received much attention, and there have been a limited number of reports relating to the tissue culturing of S. hainanense (Anh et al. 2007 ). In general, however, plant cell and tissue cultures provide a potential means for studying the biosynthesis and accumulation of secondary metabolites in plants. Therefore, the objective of this research was to determine the profile, distribution, and glycoalkaloid content in the calli of S. hainanense.
Materials and methods

Plant materials
A leaf disc (0.5×0.5 cm) was cultured on basal MS medium (Murashige and Skoog 1962) containing 30 g/L sucrose and 8 g/L agar, supplemented with 0.5 mg/L kinetin and 1.0 mg/L 2,4-D for callus induction. The callus was then cut into small pieces of 0.5 cm diameter for subculture in MS medium supplemented with 1.0 mg/L BAP and 0.5 mg/L 2,4-D for proliferation (Anh et al. 2007 ). The pH of the medium was adjusted to 5.8 before autoclaving. The effect of the various carbon sources was investigated by supplementing the medium with one of three sugars (fructose, glucose, and sucrose) at various levels from 20 to 40 g/L. All in vitro experiments were maintained at 25±2℃, 2000-3000 lux and a photoperiod of 8-10 h/day.
Quantification of glycoalkaloid by HPLC
A callus of S. hainanense was dried at 35-50℃ until it reached a constant weight, and then it was ground into a fine powder. Twenty grams of callus powder were pretreated for three h using a Soxhlet extractor (J.P. Selecta, Spain) with an acetic acid:methanol mixture (5:95, v/v). The extract was then filtered and concentrated completely at 50℃ using a vacuum rotary concentrator (Heidolph, Germany). The precipitate was dissolved in 10 mL methanol (glycoalkaloid extract) and filtered through Minisart 0.45 µm membranes (Sartorius, Germany) in preparation for HPLC at ambient temperature with a Vertisep GES C18 column (5 µm, 4.6× 150 mm). HPLC conditions were as follows: flow rate, 1 mL/min; run time, 10 min; detector wavelength, 254 nm; the stationary phase was silica gel (reverse phase) and the mobile phase consisted of 60% methanol. Twenty microliters of sample was injected into the column using a Hamilton syringe. HPLC analysis was performed on a Spectra System apparatus (Thermo Electron Corporation, USA) using ChromQuest software (ver. 4.2.34). All solvents were of analytical grade and were purchased from Sigma and Merck & Co., Inc. Solasodine solution (0.5 mg/mL in methanol) was used as a standard for determination of the total glycoalkaloid concentration (X), and sample concentrations were calculated as follows:
where S AS is the peak area of the standard solasodine, S M is the peak area of the solasodine in the extract, A is the concentration of the standard sample, and 10 is the dilution factor of the standard sample.
Determination of glycoalkaloid activity
Glycoalkaloid activity was determined based on collagenase activity using the method of Berman et al. (1973) , with slight modifications. Collagenase activity was expressed in a sensitive capillary gel tube with a native collagen substrate by assessing the height of gel lysis after a given time. Collagen type I from a mouse tail tendon was used as the substrate in the capillary gel assay and was purchased from Sigma (USA). Fifty milligrams of collagen was dissolved in 50 ml of 0.05 M acetic acid solution and titrated to pH 7.5-8.0 with 2 M Tris base. Sufficient ice-cold 1 M NaCl was added to bring the solution to 0.4 M NaCl. The solution was then dialyzed against 0.05 M Tris HCl, 0.4 M NaCl (pH 7.9, 4℃), and any precipitate was removed by centrifugation. The collagen concentration in the supernatant was approximately 0.1% (1 mg/mL). Capillary tubes (2×150 mm, open ended) were filled with approximately 150 μL of collagen solution with a Hamilton syringe. After filling, the capillary tubes were sealed at the bottom with paraffin and were stood vertically in a box to gel overnight at 37℃. Capillary gel tubes were then marked to indicate the height of the gel (determining the datum point of gel lysis). A mixture of 0.2 mg/mL collagenase solution (type I, Sigma, USA) and glycoalkaloid solution from the callus of Solanum hainanense (1:1 v/v) was added to the capillary gel tube. The height of mixture solution was 100 mm. 0.2 mg/ml collagenase solution was diluted to 0.1 mg/mL with 0.05 M Tris HCl (pH 7.9). For the control, only 0.1 mg/ml collagenase solution was added without any glycoalkaloid solution. The capillary gel tube and control were incubated at 37℃ for 24 h. The height of gel lysis by collagenase was then measured to determine the activity of the glycoalkaloid extract.
Statistical analysis
The callus culture experiments were conducted with a minimum of three replicates. All experiments were repeated three times. The data were analyzed in terms of means ± standard error followed by comparisons of the means using Duncan's tests using the SAS program (ver. 6.12). For all studies, the treatment groups were considered to be statistically significantly different from the controls at p<0.05. 
Results and discussion
Accumulation of glycoalkaloid in the callus
Glycoalkaloid was detected in all callus cultures obtained from S. hainanense. Fig. 1 illustrates the profiles of the glycoalkaloid accumulation as a function of culture time on the basal MS medium supplemented with 1 mg/L BAP and 0.5 mg/L 2,4-D. Glycoalkaloid accumulation in vitro increased from weeks 2 to 10 and reached a maximum value of 188.65 mg/g, whereas our study also showed that glycoalkaloid concentration in planta (one year old) was only 22.22 mg/g in the root and 5.99 mg/g in the stem. A Duncan's test (5%) on the means confirmed that these samples were significantly different. These results indicate that callus is a suitable material for producing glycoalkaloid from S. hainanense.
Glycoalkaloid activity
Data in Table 1 shows that the length of the gel column in the test tube with glycoalkaloid from the calli had decreased to about 4.5 times less than that of the control (15.0/67.7 mm). Thus, the glycoalkaloid extract from the calli inhibited the activity of collagenase on the collagen. A similar obsevation was reported on total glycoalkaloid extract from the root of S. hainanense plant by .
Effects of carbon source on callus growth and glycoalkaloid distribution
The callus growth and glycoalkaloid distribution under the effect of various carbon sources was investigated in sevenweeks-old callus cultures. Our results showed that the highest callus fresh weight was attained in medium containing 30 g/L sucrose (Table 2 ) and the eluted peaks of calli were more abundant than that of standard solasodine (Figs. 2, 3, 4 and 5) . As shown in Fig. 2 , the HPLC spectrum indicated that the solasodine produced two peaks at retention times of 2.09 and 2.27 min; one of them was also detected in the calli grown on the media containing various concentrations of fructose, However, changes in the carbon source could also provide more diverse products by activation of alternate metabolic routes through a change in the carbon flux, therefore acting as an excellent tool for the study of plant cell metabolism (Rao et al. 2008) . One of the possible reasons for this production of diverse products is a phenomenon called somaclonal variation, commonly found in plant tissue culture, resulting in a high plant diversity as well as diverse secondary metabolite synthesis (Paska et al. 1999 more likely that the biotransformation of glycoalkaloids appeared in calli which were cultured on media containing various carbon sources. In addition, our results showed that glycoalkaloid content was the highest in the culture medium containing 30 g/L sucrose (Table 2) . When different carbon sources were tested for their influence on glycoalkaloid, sucrose supported good callus growth and glycoalkaloid accumulation, but fructose and glucose did not. These results indicated that sucrose is the most appropriate carbon source for glycoalkaloid production and this finding is similar to some other reports, including those describing the accumulation of lignan in callus of Impomoea batatas (Komaraiah et al. 2003) , plumbagin in suspensions of Plumbago rosea (Jones and Veliky 1980) , and berberine in cell cultures of Tinospora cordifolia (Subroto et al. 2007 ).
The results of this study indicate that the production of glycoalkaloid from calli of S. hainanense is possible. Although these results are promising, further studies should focus on the optimization of culturing conditions for the over-production of glycoalkaloid from S. hainanense.
